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STATIC-THRUST INVESTIGATION OF FULL~-SCALE
PV-2 HELICOPTER ROTORS HAVING NACA 0012.6
AND 23%012.6 AIRFOIL SECTIONS
TED No. NACA 239
By Stanley Lipson

SUMMARY

An investigation to compare the performance of two
25«foot=-diameter rotors constructed by the P-V Enginsering
Forum haa been conducted at the Langley full-scale tunnel.
The rotors, which were designed to operate on the PV-2
helicopter, had identical dimensions and were similar in
construction but differed in blade airfoll section - one
having an NACA 0012.6 airfoll section and the other, an
NACA 23012.6 airfoll section. The tests were conducted at
three different rotational speeds including the design
rotor speed of 371 rpm.

The results of the tests are presented as the variw
ation of torque coefficient with thrust coefficient. A
comparison of the results obtained with the 0012.6 rotor
from the present tests and from a previous investigation
shows excellent agreement. Only small differences were
apparent between the performance characteristics of these
symmetrical« and cambered-sectlion blades although at the
higher thrust coefficients the performance of the cambered
blades became increasingly better., The comparison of
thelr performance 1s probably impalired by the poorer
surface condition of the cambered rotor. The performance
of both rotors could be substantially improved, as
indicated by previous full-scale-tunnel tests, by the
elimination of certaln surface irregularities. The test
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results also showed that the effect of a discus which
was 8 inches in diameter (28 percent of the rotor
dlameter) was negligible in the range of normal hovering
flight conditions.

INTRODUCTION

At the request of the Buresu of Aeronautics, Navy
Department, tests were made at the Langley full=-scale
tunnel to compare the performance of two 25«foot-diameter
rotors constructed by the P-V Engineering Forum. The
rotors, which were designed to operate on the PV-2 hella
copter, were similar in construction but differed in
their blade airfoil section, one having an WACA 0012.6
section and the other using an NACA 23%012.6 section.
Previous static-thrust and forward-flight performance
tests were made at reduced rotor speeds on the rotor
having the symmetrical section and are reported in
reference 1, The present report presents static-thrust
data obtained for the two rotors at three rotational
speeds, including the design rotor speed of 371 rpm.

The effect on the rotor characteristics of adding a
discus with a dlameter of 84 inches, which is 28 percent
of the rotor diameter, was also investigated.

SYBOLS

thrust coefficlent, T/p(OR)2nRS
torque coefficient, q/b(ﬂa)aunzn
rotor radius, feet

rotor thrust, pounds

rotor torque, foot-pounds

angular velocity of rotor, radians per second

mass density of air, slugs per oubic foot

solidity, be/mR
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The rotors tested.in thls-investigstion were designed
to operste at 271 rpm on & helicopter having a gross
welght of 1000 pounis. The test rotors had a diameter of
25 feet, a solldity of 0.00605, and were three-blesdeqd.
They are referrec to by their uirfoll sections which were
ACA 12.6 and 22012,.06, vespeetively. :Obtnear detslilas of the
dimensions and the construction (figs. 1 and 2) were iden-
tical except as noted in the following description. Each
blade consists of a tubuler steel spar to.whick wooden
ribs sre stteched and covered with fabric which is rein-
forced -over approximstely the forwserd third of the. blade
chord by a layer:of 3/6l-inch plywoosd glued tp the ribs.
Similar reinforeing is used at the extreme tlp of the
blades with the symmetrical sectlion, eny:for the width of:
the entire chord over the outer 20 persent of:ihe 23012,.6
blades. The surfsce of. the 0012.6 rotor blejes has some
flat spots at the tip and some departures from e smoeth
airfoll contbour'near the. leading edge an; Just aft.of the
thin plywood reinforcing. These.latter rdeviations-from
an accurate contour are sipecilally noticeable:ron the .
23012.6 rotor blades in which,there 1is -approximately s
1/6li=inch Jog in the sirfoll contour on the uppenr end
lower surfaces of all three blades at sapproximastely Q.0lc
and just rearward of.the spruce - leading-edge fairing
strip.
L L TR R B S0 IR AR
Teteils of the discus used in the tests are.shown in
figures 1 and 3, ‘' It consisted of a. fabric-covered frame=-
work of thin-wall metal tubes and hel g dimmeter of
8l inches, which. 1s 28 perceat. of the roter diameter. :
. 5 . s n Yy wEdor u o ds & :
- The general arrangement of: the:rotor.mounted in- the.
full-scale  tunnel is shown in.figure .. The; rotor was .y
driven by an:electric motor :ané; the power:input, to .the .
rotor was measured by & strain-gage torquemeter. and. by a
pneumatlc: torquemeter. The ‘rotor thrust, the:rolling.
. moment,.'and the pltchling moments were; measured by an
auxiliary strain-gege balance. Forg¢e records. were also
obtained from the conventional wind-tunnel balances. , -A-

" . o . e
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more complete description of the testing arrangement and
instrumentation 1s given in reference ‘1.

Following the teats of reference 1, the pylon was
. stiffened sufficiently to enable the present series of
tests to be made at the rotor design speed of 371 rpm
without serious vibrations, The static-thrust tests were
made with the rotor shaft vertical over a range of indi=-
cated blarde pitch angles from 30 to 11.5° for rotor speeds
of 200, 290, and 371 rpm. The rotor was kept trimmed in
roll and plteh. . 0 .

.ﬁESULTS ARD DISCUSSION

The static-thrust results obtained for the 0012.6
rotor are presented in figure 5(a) in terms of the
variation of the thurst coefficient with the torque
coefficient, Similar results for the 23012.6 rotor alohe
and, in combination with the 8l-inch discus are given in
figures 5(b) and 5(c). Wnile theoretical considerations
might indicate some scele effect, these results, like
previous rotor tests made in the full-scale tunnel (see
references 1 and 2), show no consistent effect on curves
of thrust coefficlient against torque coefficient due to
changes in rotational .speed.  Only one curve, therefore,
was faired through the data in each of these figures.

The faired static ~thrust curve for the 0012.6 rotor given
in reference 1 has been included in figure 5(a) for the
purpose of comparison with the more recent results. The
two sets of ‘data are in excellent agreement.

The reeulta ‘af ' the static-thruat tedts are summarized
in figure 6. The performance of the 23012.6 rotor becomes
increasaingly better than that of the 0012, 6 rotor for
thrust ‘ecefficdients greater than about 0.0030., The ~-
flight conditions for the PV-2 helicopter corresponds tb
operatibn at a. rotor tip speed of L85 feet per second and
a rotor tnrust coefficient of O. 0036, At this desigh

thrust “¢oefficlent. the difference in horaepower required’
to hover with each rotor is less than 2 penrcent. It -
appears probable that a _somewhat larger différence might
have bebn shown were it not for the slightly better
surface condition of the symmetrical-section rotor. Also,
since the cambered sectlion shows increasing gains at .
thrust coefficlents beyond the design value up to the
highest value covered by the data, the maximum gains
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obtainable would presumably be realized at still higher
thrust coefficients. Theory indicates that thé maximun
effect of the blade camber would be realized just prior
to the stall; however, power limitations on ths electric
drive motor prevented obtaining data nearer the blade

atallc -

The imperfect surface eonditions of the two rotors
tested undoubtedly impairs their statioc- thrust performance,
The 2ata of reference 2 indicuate that elimination of
surface deférmation and irregularities may result in an
average vower saving in horsepower of as much as 10 percent,
The close-ridb spacing and doped finish of the two rotors
tested should prevent excessive drag losses due to surface
deformation. The elimination of the rotor blade surface
irregularities, however, should appreciably increase the
performance of these rotors.

Figure 6 also shows that the &i-inch~diameter discus
has no effect on the static~thrust performance throughout
the normal operating range of the rotor although it
produces a slight detrimental sffect at the lower thrust
coefficients. 3

CONCLUDING REMARKS

Static~thrust tests of two PV-2 helicopter rotors in
. the, Langley full-scale tunnel ‘show the following resultsg

1, At the design thrust coefficient of 0.0036L, the
23012.6 .rotor. requires approximately 2 percent less i
power -to hover-than the symmetrical blades. This differe
ence would probably ,be increased if the surface of the
cambered blades was-as relatlvely smooth as that of the
symmetrical blades. At thrust coefficients above the .
design value the performance of the £3012.6 rotor becomes’
increasingly better than that of the 0012.6 rotor.

2. As indicated by previous full-scale~tunnel tests,
improved performance of both rotors can probably be
obtained by eliminating their surface discontinuities.
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3, The use of an 84-inch-diameter discus had ho
aprreclable effect on the static-thrust performance
throughout the normal operating range of the rotor.

Langley' Memorial Aeronautical Laboratéry .
" ' " Natlonal Advisory Committee for Aeronautics
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(a) 0012.6 rotor blade

(b} 23012.6 rotor blade

Figure 2.- PV-2 rotor blades tested during static~thrust investigation.
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{a) Top view

{b) Bottom view

Figure 3.- 84-inch discus teated during static-thrust

'll'l.lll. ABYINSAY CONBITIRE Pod ARMOBAUTICH

investigation. - LABSLAY PIBLE, VA.
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